Abstract The predictability of decadal changes in the North Paci®c is investigated with an ocean general circulation model forced by simpli®ed and realistic atmospheric conditions. First, the model is forced by a spatially ®xed wind stress anomaly pattern characteristic for decadal North Paci®c climate variations. The time evolution of the wind stress anomaly is chosen to be sinusoidal, with a period of 20 years. In this experiment dierent physical processes are found to be important for the decadal variations: baroclinic Rossby waves dominate the response. They move westward and lead to an adjustment of the subtropical and subpolar gyre circulations in such a way that anomalous temperatures in the central North Paci®c develop as a delayed response to the preceding wind stress anomalies. This delayed response provides not only a negative feedback but also bears the potential for long-term predictions of upper ocean temperature changes in the central North Paci®c. It is shown by additional experiments that once these Rossby waves have been excited, decadal changes of the upper ocean temperatures in the central North Paci®c evolve without any further anomalous atmospheric forcing. In the second part, the model is forced by surface heat¯ux and wind stress observations for the period 1949±1993. It is shown that the same physical processes which were found to be important in the simpli®ed experiments also govern the evolution of the upper ocean in this more realistic simulation. The 1976/ 77 cooling can be mainly attributed to anomalously strong horizontal advection due to the delayed response to persistent wind stress curl anomalies in the early 1970s rather than local anomalous atmospheric forcing. This decadal change could have been predicted some years in advance. The subsequent warming in the late 1980s, however, cannot be mainly explained by advection.
Introduction
There is a growing interest in exploring the possibility of predicting decadal climate variations in the North Paci®c and North American region. The most prominent longterm swing of the atmosphere-ocean climate system over the North Paci®c commenced during the 1976±77 winter season. During this period, the sea surface temperature (SST) cooled in the central North Paci®c and warmed o the coast of western North America. Downstream, over the continent of North America, warmer temperatures occurred in the northwest. The change that began in the mid-1970s has been extensively described by many authors (e.g. Miller et al. 1994 Miller et al. , 1998 Graham 1994; Trenberth and Hurrel 1994) . Several suggestions have been made on how this change came about. Some investigators think of it as a``shift'' in climate mean state that was caused by remote forcing from the tropical Paci®c Ocean, where a contemporaneous warming of the SST occurred (e.g. Graham 1994; Nitta and Yamada 1989) . Trenberth and Hurrel (1994) also emphasize the role of the tropics as the major driving force for the decadal variability in the North Paci®c but note also the positive feedback mechanisms in the North Paci®c ocean-atmosphere system itself. Miller et al. (1994) conclude from the results of an ocean model simulation that the change in the North Paci®c was caused by a unique atmospheric state which persisted before the 1976±77 winter. In their explanation large-scale ocean current advection anomalies acting in concert with largescale heat transfer processes play the major roles. Other researchers argue that the cooling of North Paci®c SST in the mid-1970s was not a unique shift, but part of an oscillation with a time scale of a few decades. Latif and Barnett (1994, 1996) explain this oscillation in terms of a cycle involving unstable ocean-atmosphere interactions between the subtropical ocean gyre circulation and the Aleutian low pressure system. They hypothesize that the atmospheric response to an initial positive SST anomaly in the North Paci®c involves a weakend Aleutian low and that the associated anomalous heat¯ux, reduced ocean mixing, and anomalous Ekman heat transport act as positive feedbacks reinforcing the initial SST anomaly. Furthermore, they argue that in addition to these positive feedbacks the atmospheric response consists of a wind stress anomaly which spins down the subtropical ocean gyre, thereby reducing the poleward heat transport and reversing the SST tendency. In their explanation the decadal time scale of the oscillation is determined by the speed of planetary waves associated with the transient ocean response to the change in the wind stress curl. This hypothesis follows the early ideas of Namias (1959, 1969) and Bjerknes (1964) and it is supported by results from other modeling studies (Xu et al. 1998; MuÈ nnich et al. 1998 ) as well as observations (Zhang and Levitus 1997; Tourre et al. 1999) . Results from canonical correlation analysis (CCA, Fig. 1) nicely show the patterns that are associated with observed decadal North Paci®c climate¯uctuations. They closely resemble the patterns simulated by the coupled model of Latif and Barnett (1994, 1996) and are in line with their`g yre mode''-hypothesis. The associated time series reveal a decadal time scale and indicate the existence of an oscillation. An estimate of the period of the oscillation can be obtained form Hurrel's sea level pressure index (30±65 N; 160 E±140 W) for this century shown in Fig. 2 . Singular spectrum analysis (SSA) reveals a pronounced 18 year oscillation as the leading variability mode.
Although there is a growing interest in the dynamics of decadal climate variability, the question of predicting decadal changes in the North Paci®c has not been addressed in great detail so far. We address this question by means of ocean model experiments with idealized and realistic forcing. In particular, we show that the``1976/77 cold shift'' was predictable a few years ahead. The work is organized as follows: descriptions 
